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,QWKLVSDSHUDWKHRUHWLFDODQDO\VLVRIWKHH[SHULPHQWDOGDWDRIWKHVSHFWUXP
RI H[FLWHG VWDWHV LQ '\ LV SUHVHQWHG 7KH ,QWHUDFWLQJ 9HFWRU %RVRQ 0RGHO
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7KH VSHFWUD RI WKH H[FLWHG VWDWHV  VWDWHV DQG WUDQVLWLRQV 
WUDQVLWLRQV EHWZHHQ WKHP LQ WKH '\ QXFOHXV DUH UDWKHU FRPSOLFDWHG 6HH WKH
GHFD\VFKHPH ,W LVFOHDU WKDW WKHVHH[SHULPHQWDO LQYHVWLJDWLRQVDUH FRQVLGHUDEO\
GLIILFXOW,QRXUH[SHULPHQWVZHXVHGWZRW\SHVRIVRXUFHVWRVWXG\WKHVWUXFWXUHRI
WKHH[FLWHG'\VWDWHVSRSXODWHGE\WKH GHFD\2QHZDVDQHTXLOLEULXPPL[WXUH
RIJ(UDQGGDXJKWHUP+RDQGJ+RQXFOHLDQGWKHRWKHUZDVDQHTXLOLEULXP
PL[WXUH RI P+R DQG J+RQXFOHL 8QGHU WKHVH FRQGLWLRQV LW LV LPSRVVLEOH WR
GHWHUPLQHLQWHQVLWLHVRISRSXODWLRQRI'\VWDWHVE\WKHP+RDQGJ+RGHFD\V
VHSDUDWHO\+RZHYHUFXUUHQWSURJUHVVLQ ODVHUPHWKRGVIRUVHSDUDWLRQRIQRWRQO\
LVRWRSHVEXWDOVR LVRPHUV VHHPV WRDOORZVXFFHVVIXO VROXWLRQRI WKLVSUREOHP7R
WKLV HQG LW LV QHFHVVDU\ WR VHSDUDWH SXUH J+R IURP WKH PL[WXUH RI P+R DQG
J+RDQGWRFDUU\RXWVSHFWURVFRSLFPHDVXUHPHQWV
$V D PDWWHU RI IDFW WKHVH H[SHULPHQWDO GDWD DURXVH JUHDW LQWHUHVW IURP
WKHRUHWLFDOSRLQWRIYLHZDQGSURYRNHILQGLQJQHZDSSURDFKHV LQGHVFULSWLRQDQG
FRPSUHKHQVLRQRIWKHQXFOHDUVWUXFWXUH
,Q WKH UHFHQWO\SXEOLVKHGSDSHUV >@ LWKDVEHHQVKRZQZLWK WKHXVHRI WKH
VLPSOH PRGHO +DPLOWRQLDQ WKDW ORZO\LQJ FROOHFWLYH VWDWHV RI DQ HYHQHYHQ
GHIRUPHG QXFOHXV FDQ EH GHVFULEHG ZLWK D JRRG DFFXUDF\ E\ WKH SDUDEROLF
GHSHQGHQFHRIWKHHQHUJLHVRIWKHVHOHYHOVRQWKHQXPEHURIFROOHFWLYHH[FLWDWLRQV
IRUH[DPSOH IRUHDFKH[FLWHGVWDWHRQHPD\SXW LQWRDFFRUGDQFHDQXPEHURI
PRQRSROHERVRQV ,Q WKLVSDSHUZHVKRZWKDW WKH ORZO\LQJH[FLWHGVWDWHV LQ WKH
VDPHQXFOHXVFDQEHDOVRFODVVLILHGE\QXPEHURIFROOHFWLYHH[FLWDWLRQVZLWKLQWKH
IUDPHZRUNRIWKHLQWHUDFWLQJYHFWRUERVRQPRGHO,9%0>@,9%0LVDOJHEUDLF
PRGHOZLWKDEXLOGLQJEORFNFRQVWUXFWHGE\WZRW\SHVRIYHFWRUERVRQVXP DQG
XP b 7KHELOLQHDUFRPELQDWLRQVRIWKHERVRQFUHDWLRQDQGDQQLKLODWLRQRSHUDWRUV
XP DQGXP UHVSHFWLYHO\JHQHUDWHDQRQFRPSDFWV\PSOHFWLFJURXS6S5 
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JHQHUDWH WKH PD[LPXP FRPSDFW VXEJURXS 8 RI WKH 6S5 JURXS 7KH
URWDWLRQDOOLPLWRIWKHPRGHOLVGHILQHGE\WKHFKDLQ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7KHODEHOVRIWKHVXEJURXSVJLYHQEHQHDWKWKHFKDLQDUH WKHTXDQWXPQXPEHUVRI
WKHLUUHGXFLEOHUHSUHVHQWDWLRQV7KHUHLVDQRWKHUSRVVLELOLW\RIGHFRPSRVLWLRQRIWKH
6S5JURXSLQWHUPVRIWKHQRQFRPSDFW6S5JURXSLQWKHFKDLQ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 ,Q D QHZ DSSOLFDWLRQ RI WKH DOJHEUDLF ,QWHUDFWLQJ 9HFWRU %RVRQ 0RGHO
,9%0 ZH PDNH XVH RI WKH UHGXFWLRQ RI LWV JURXS RI G\QDPLFDO V\PPHWU\
6S5 WKURXJK WKH JURXS 6S5£ 62 ZKLFK GHILQHV WKH EDVLV RI VWDWHV
ZLWK D IL[HG YDOXH RI WKH DQJXODU PRPHQWXP / 7KH FRUUHVSRQGHQFH RI WKLV
UHGXFWLRQWRWKHRQHWURXJKWKH8¨8£8JLYLQJWKHURWDWLRQDOOLPLWRI
WKHPRGHO \HOGV WKH SRVVLELOLW\ WR VWXG\ WKH HQHUJ\ GLVWULEXWLRQ RI WKH FROOHFWLYH
VWDWHVZLWKIL[HGDQJXODUPRPHQWXP
7KH SURSHUWLHV RI WKHVH WZR 6S5 GHFRPSRVLWLRQ FKDLQV DOORZ WKH
GLDJRQDOL]DWLRQRIWKH+DPLOWRQLDQDQGFDOFXODWLRQRIWKHOHYHOHQHUJLHV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DEDQGFIURPWKHFRPSDULVRQRIRXUFDOFXODWLRQVZLWKH[SHULPHQWIRUORZO\LQJ
FROOHFWLYH VWDWHV HQHUJLHV LQ '\ :H SUHVHQW RXU FDOFXODWLRQV DQG FRPSDULVRQ
ZLWKH[SHULPHQWLQ)LJXUH7KHDYHUDJHHQHUJ\GHYLDWLRQV| H[SW FDOF|!DUH
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:LWKQLFHDFFXUDF\WKHH[SHULPHQWDOHQHUJLHVIRUORZO\LQJFROOHFWLYHVWDWHVIROORZ
WKHSDUDEROLFGLVWULEXWLRQIXQFWLRQRIQXPEHURIFROOHFWLYHH[FLWDWLRQV
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,QWKHLQWHUDFWLQJYHFWRUERVRQPRGHO,9%0ZLWKWKHV\PSOHFWLF6S5
JURXS >@ WKH VSHFWUXP RI H[FLWHG VWDWHV RI HYHQHYHQ GHIRUPHG QXFOHL LV
GHWHUPLQHG E\ WKH ODEHOV RI WKH VXEJURXS UHSUHVHQWDWLRQV LQ WKH FRUUHVSRQGLQJ
GHFRPSRVLWLRQFKDLQRIWKHJURXS
7KHH[SUHVVLRQIRUWKHHQHUJ\LQWHUPVRI^  `PXOWLSOHWVIRUWKHURWDWLRQDO
OLPLWFKDLQKDVWKHIRUP
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,Q )LJXUH  WKH FDOFXODWHG DQG H[SHULPHQWDO HQHUJLHV DUH FRPSDUHG 7KH
YDOXHVRIWKHSDUDPHWHUVIRUDOOEDQGVDUHJLYHQEHORZDUH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*URXQGEDQGPRPHQWRI LQHUWLD LVGHWHUPLQHGE\Q VEDQGKDVQ DQG
IRUWKHRFWXSROHEDQGQ gEDQGLVFRQVWUXFWHGZLWKWZRFURVVLQJEDQGVRQHRI
WKHP³EHORQJV´WRWKHJURXQGEDQGQ DQRWKHURQHWRQ 
,WLVQHFHVVDU\WRSRLQWRXWWKDWXVLQJRIWKHVDPHYDOXHVRISDUDPHWHUVIRUDOO
WKH EDQGV XQGHU FRQVLGHUDWLRQ SURGXFHV D JRRG DJUHHPHQW EHWZHHQ WKHRU\ DQG
H[SHULPHQW ZLWK WKH DYHUDJH GHYLDWLRQ RI WKH FDOFXODWHG HQHUJLHV IURP WKH
H[SHULPHQWDO YDOXHV IRU DOO EDQGV WRJHWKHU EHLQJ RQO\  NH97KLV DJUHHPHQW
DULVHV IURP WDNLQJ LQWR DFFRXQW WKH YLEUDWLRQDO GHJUHHV RI IUHHGRP LQ WKH
GHWHUPLQDWLRQRIWKHPRPHQWRILQHUWLDDVZDVGRQHLQ>@
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ZKHUH D(/ (/(/ LV WKH GLIIHUHQFH EHWZHHQ WKH HQHUJLHV RI WKH OHYHOV
ZLWK RGG DQG HYHQ PRPHQWD 7KLV IXQFWLRQ FKHFNV WKH GHYLDWLRQV EHWZHHQ
FDOFXODWHG DQG H[SHULPHQWDO HQHUJLHV DQG DOVR WKH SRVLWLRQV RI WKH EDQGV ZLWK
UHVSHFW WR HDFK RWKHU ,Q  )LJXUH  ZH SUHVHQW WKH H[SHULPHQWDO DQG FDOFXODWHG
YDOXHVRI WKHIXQFWLRQD(/2QHFDQVHHDJRRGDJUHHPHQWRIRXUFDOFXODWLRQV
ZLWKH[SHULPHQW
7KLV ZRUN ZDV VXSSRUWHG LQ SDUW E\ WKH %XOJDULDQ 6FLHQFH )RXQGDWLRQ XQGHU
FRQWUDFWFDQGE\WKH5)%5
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